ABSTRACT
The characteristics of childhood obstructive apnea syndrome are such as to require specific study 2, 19 . The first concerns obstruction: apart-from sleep apnea of central origin, childhood sleep apnea is due to excessive oropharyngeal contents (tonsils, adenoid vegetations) rather than deficient airway opening related to parietal depression.
Treatment of these young patients is thus mostly surgical: tonsillectomy.
However, a certain number of patients are non-responders to surgery, suggesting that the problem may lie more with the container than the contents of the oropharynx. Thus the hypothesis of an architectural phenotype specific to this symptom arose 17, 24, 32 . In this context, dentofacial orthopedics (DFO) comes into its own as a preventive strategy against onset of apnea syndrome, countering the skeletal conditions underlying the respiratory obstruction.
The present study aimed to highlight the differences between childhood and adult apnea syndrome in terms of pathophysiology, semiology and treatment. It is illustrated by 3 typical cases confirming the usefulness of DFO in at-risk patients.
Preventive dentofacial orthopedic treatment of childhood apnea/hypopnea syndrome?
M. Guibert 1, 3 , R. Garcia 2 The airway allowing inbreathed air to reach the lungs is sometimes an obstacle course.
From the threshold of the nostrils, the air passes through the nasal cavities, the skeletal walls of which are non-depressible. Likewise, at the tracheal end, the cartilaginous architecture enables the tubular lumen to remain open.
Thus, if there are no anatomic abnormalities, obstruction must lie between these two structures.
It is thus in the pharynx, and more precisely in the oropharynx, that airflow may be obstructed due to the depressible nature of the collapsible musculo-membranous walls 4, 14 . It is here that airflow may be obstructed, inducing either apnea (blocked flow) or hypopnea (reduced flow). Turbulence here leads to snoring by causing the soft palate and uvula to vibrate. This is the usual scenario in adults: airflow interrupted by pharyngeal wall obturation ( fig. 1) .
Two etiologies contribute to this interruption: -reduced pharyngeal dilator contraction from the initiation of the in-breath (diaphragm contraction) 4, 5, 14, 19 ; -reduced pharyngeal lumen due to lipid infiltration, often, related to obesity or age 20, 32 . In children, nasal cavity bone anatomy and tracheal cartilage anatomy are the same as in adults. The airway, however, may be obstructed at different levels. Excessive volume in the medial and inferior turbinates, adenoid vegetations and/or tonsils causes airway obstruction ( fig. 2 ).
This difference in pathophysiology goes a long way to explaining the semiological differences between children and adults, which are such as to warrant speaking of two different syndromes 5, 12 . In adults, males are more affected than females up to the menopause, whereas there is no such sex-related difference in children 3, 4, 10, 13, 19 . Snoring with pauses is an alarm signal and characteristic of adult apnea syndrome, whereas it is less frequent and does not involve pauses in children 4, 21 . Obesity is a well-known cofactor in adult apnea 1, 6, 13, 31 , so much so that it is sometimes referred to as Pickwick syndrome 8 , in reference to Dickens' character; but it is rare in children 7, 19 . Nycturia is frequent in adults, and exceptional in children 15 . Daytime somnolence is typical of adult apnea, whereas hyperactivity and attention deficit at school are major signs in children 12 . The frequency of nocturnal events differs greatly between adults and children: in adults, apnea is diagnosed for apnea/hypopnea index (AHI) ≥5, while in children AHI ≥1 is considered pathological, requiring adapted management 27 . Facial pattern is often seen as a cofactor in apnea syndrome, but no specific typology currently characterizes syndromic or at-risk patients 3, 9, 12, 19 . Nevertheless, dysmorphism involving an anterior position of the hyoid bone on which the base of the tongue inserts is considered a risk factor for syndrome onset 29 .
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PREvENTIvE DENTOFACIAL ORTHOPEDIC TREATMENT OF CHILDHOOD APNEA/HYPOPNEA SYNDROME?
In case of apnea confirmed on polysomnography and palatine and/ or pharyngeal tonsillar hypertrophy found on ENT examination, tonsillectomy id indicated 23, 26 . It is reported to be effective in 80% to 90% of cases, but is not always sufficient to resolve apnea 17 . Several authors 16, 23 have reported a facial phenotype associated with nonresponse to tonsillectomy: mandibular retrognathy 22 , maxillary endognathy 18, 33 and/or facial 22 are reported as risk factors for apnea syndrome.
In this context, Peltomäki's study 22 deserves particular attention. Following the work of Bar and of Goldstein, it reported the impact of tonsillectomy on growth hormone secretion in young apnea sufferers. By acting specifically on condylar cartilage, reduced secretion may induce mandibular retrognathy and/or facial hyperdivergence.
It is therefore indispensable to analyze respiration, so as to guide treatment in case of suspected apnea syndrome.
It is here that DFO has a preventive role to play. Any means of anteriorizing the tongue base is contributive. Three representative cases illustrate our preventive approach to tongue positioning.
Maxillary expansion
In case of endognathy and/or dental arch contraction with uni-or bi-lateral occlusion inversion and AHI >1, maxillary expansion is indicated.
Harmonic medial palatine suture shows long-lasting action: synfibrosis at a very young age, progressively developing into synarthrosis, which no; longer responds to mechanical orthodontic activation. Expansion then: -increases the volume of the "tongue box" by transverse action;
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Figure 1 In adults, airway obturation is related to oropharyngeal parietal depressibility. Figure 2 In children, airway obturation is related to
excessive adenotonsillar volume.
-helps elevate and anteriorize the tongue, enhancing its morphogenetic role. The expander may be fitted up to 15 years of age, but the earlier the better the results in terms of occlusion and function.
The case of Jully C. (fig. 3 ), aged 7, perfectly illustrates this treatment protocol.
Sleep recording confirmed obstructive apnea syndrome, with AHI = 5.
Adenotonsillectomy was followed 2 months later by maxillary expansion; AHI fell from 5 to 0.
This protocol perfectly illustrates Peltomäki's theory 22 of facial growth "normalization" by reorienting maxillary growth.
"Stimulation" of mandibular growth OSAS prevention is based on a simple principle: increase tongue habitat volume by transverse and/or sagittal action. Any such intervention will provide preventive benefit.
Correction of skeletal class II mandibular retrognathy is a prime example of such prevention.
Orthodontic treatment without extraction
The case of Sophie B. (fig. 4) illustrates this approach.
With mandibular skeletal class II (SNB=72°) and facial hypodivergence, a b Attention should be paid to two elements: -facial hypodivergence allows accelerated mandibular growth; -anterior supra-occlusion must be resolved ahead of mandibular advancement. Mandibular growth response to orthodontic mechanical stimulation in this kind of facial pattern achieves mandibular lengthening, opening the airway at the base of the tongue.
ENT PROBLEMS

Orthodontic treatment with extraction
There has recently been a certain polemic, notably on the Internet, concerning dental (premolar) extraction and onset of OSAS. To date, no scientific studies have demonstrated a causal relation between extraction and onset of sleep apnea; quite the contrary 28 . It may simply be that reduced tongue volume due to incisor-canine regression may induce distal displacement of the tongue. Examples could be correction of biproalveolism or of overjet by anterior maxillary retraction to compensate for mandibular retrognathy. Alternatively, second mandibular premolars might be extracted if progressing totally lingually, which is a particular case but not especially rare, to make room for more anterior positioning of the tongue.
Also, skeletal class II with hyperdivergent face may require extractions to achieve vertical control in the molar region and allow effective mandibular response to sagittal skeletal correction. 
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PREvENTIvE DENTOFACIAL ORTHOPEDIC TREATMENT OF CHILDHOOD APNEA/HYPOPNEA SYNDROME? Such was the case for virginie M. (fig. 5 ), who presented with a convex face and retracted chin and facial hyperdivergence (FMA=31°); the skeletal class II (ANB=10°) was related to mandibular retrognathy (SNB=73°).
After two and a half years' multibracket treatment and extraction of 14, 24 35 and 45, analysis of end-of-treatment data highlighted the impact on facial growth.
Molar vertical control was essential to ensuring horizontal growth. Otherwise, mandibular opening would counter the objective by pushing the base of the tongue back.
Airway obstruction is caused by depression of the muscular walls of the oropharynx in adults, whereas in children it is mostly "excess contents" (tonsils, adenoid vegetations) that induces apnea.
It should be borne in mind that respiratory flow is proportional to airway area raised to the power 4 (Bernouilli's law). Thus a 2 mm 2 reduction in area results in a 15% reduction in inspiration volume over the affected period. Dentofacial orthopedics, over and above its functional and esthetic objectives, should take account of the pathognomic potential of the child's facial pattern. While there is no specific associated pattern, mandibular retrognathy, maxillary endognathy and/or facial hyperdivergence are risk factors for apnea syndrome. Orthodontic treatment should be as early as possible, to optimize skeletal results.
Treatment should achieve absolute control of occlusion and mandibular plane orientation, as downward and backward tilt inevitably narrows the airway at the base of the tongue, promoting onset of apnea syndrome.
Conflicts of interest:
The authors declare no conflicts of interest.
